ABSTRACT Lung cancer originates most commonly in the upper lobes in the general population but among workers with asbestosis it is most common in the lower lobes. Published data on lobar distribution were used to estimate the probabilities that lung cancer among asbestos workers is attributable to exposure to asbestos. This attribution varies directly with the relative risk. Critical values of the relative risk at which attribution of lung cancer to asbestos equalled its attribution to other causes, mainly smoking, were calculated. At a relative risk above 2-8 1 upper lobe cancers were more likely to be due to asbestos than not. For middle and lower lobe cancers, the critical relative risk was 1*55. These critical values were compared with published standardised mortality ratios reported for cohorts of workers with asbestosis. Since the ratios ranged from 6-3 to 9-1, the probability that lung cancer in such cases is due to asbestos is high regardless of lobe of origin. In many cohorts unstratified by the presence or absence of asbestosis the risk ratios are below one or both of these critical values. Since risk ratios are so high among workers with asbestosis, the ratios must be lower for workers without asbestosis than the overall ratios for unstratified cohorts. Therefore, the critical values may be useful in workers without asbestosis among such cohorts to estimate the upper limit of the probability that lung cancer in a given lobe is due to exposure to asbestos.
Some lung cancers are so far advanced when diagnosed that their site of origin cannot be determined. Among those cases in which the lobe of origin may be discerned, however, there is general agreement that lung cancer in the general population is most common in the upper lobes, considerably less common in the lower lobes, and least common in the middle lobe.
Garland et al reported in 1962 that 67 2% of 134 cases showed the origin of the tumour to be in the upper lobes, 7-5% in the middle lobe, and 25-4% in the lower lobes.' Figures reported by Lulu and Lawson in 1964 for 229 cases were 61-1%, 9-6%, and 29 3% respectively.2 In a small series of41 cases discovered in a semiannual screening programme within six months of a negative film by Weiss and Boucot, the distribution was 65-9%, 4*9%, and 29-3% respectively.3
Recently Byers et alpresented similar figures in 15 477
cases of lung cancer among white men registered by the Surveillance, Epidemiology, and End Results (SEER) Program: 65-2%, 6-3%, and 28-5% respectively. 4 There has also been consistency in the observation that lung cancer among workers with asbestos exposure originates more commonly in the lower Accepted 3 August 1987 lobes." Jaoob and Anspach reported in 1965 that the ratio of upper lobe to lower lobe cancers was 1-0:2-2 in Dresden asbestos workers compared with 2-5:1-0 in the general population.5 They did not state whether the ratio for asbestos workers was limited to lung cancers in those with asbestosis but the data show that 30 (86%) of 35 lung cancers occurred among workers with asbestosis. The other four studies were limited to people with asbestosis. In 1966 Hueper had collected 73 cases of lung cancer in asbestotic subjects with information on lobar site (upper and lower lobes) and recorded data providing a ratio of 1-0:3-9.6 Kannerstein and Churg studied 36 cases of lung cancer in asbestos exposed cases, almost all with pulmonary fibrosis, and found the ratio to be 1-0:1 47 compared with 2- Lobe oforigin in the attribution oflung cancer to asbestos
The purpose of the present paper is to analyse published data so as to provide estimates of the probability that lung cancer is attributable to asbestos in exposed workers when the lobar origin ofthe cancer is known. Since attributability varies directly with the relative risk, the analysis will be considered in relation to this factor.
Method
The proportions of lung cancers in upper, middle, and lower lobes in the general male population were derived from the SEER report of Byers et aP because of the large number of cases and because the results were population based (table 1). The proportions in asbestotic subjects were taken from the study of Kannerstein and Churg7 because, as stated above, this was the only controlled study. Table 2 shows the proportions of non-attributable lung cancers by lobe of origin when the site is known. These are the same as the SEER data in table 1 of attributable cases in the various lobes are identical to those given for asbestos exposed cases in table 1.
The critical value of attributable risk was calculated at which the lower lobe level would equal the level for non-attributable cancers as follows: 053X = 0-29, so X = 055. Given the attributable risk of 055, applying 0 1I to 0 55 for the middle lobe level among attributable cancers results in the figure of006, identical to the level for non-attributable cancers. Applying the upper lobe figure of 036 to 0 55 gives a level of 0-20 for upper lobe cancers, which is much lower than the value of 065 among non-attributable cancers. Thus at a relative risk of 1*55, most upper lobe cancers (065/(065 + 0.20) = 0-76 or 76%) would be nonattributable. At this relative risk, middle and lower lobe cancers would be equally divided between attributable and non-attributable ones. At lower relative risks, most middle and lower lobe cancers would be non-attributable, and at higher relative risks most middle and lower lobe cancers would be attributable to asbestos. Similar calculations were made to arrive at the critical value of relative risk for upper lobe cancers in which numbers of attributable and non-attributable cases would be equal. The critical value is a relative risk of 2-81. Above this figure most upper lobe cancers would be attributable to asbestos and below this figure most would be non-attributable.
To assess the relevance of these critical values, they were compared with the relative risks for various published cohort studies. Since the reversal of lobar distribution in asbestos exposed workers has been described essentially only in those with asbestosis, the results in table 2 are relevant only to the relative risks of lung cancer in occupational cohorts of people with asbestosis. To my knowledge, only three studies ofthis nature provide an estimate of the risk of lung cancer relative to that in the general population and controlled for age, sex, and era-that is, the standardised mortality ratio (SMR).
In high in the presence of asbestosis, it is safe to assume that a cohort with a low relative risk must have many workers without asbestosis that have even lower relative risks than that of the entire cohort. Hence, the relative risk of the entire cohort represents an upper bound for the relative risk of the workers without asbestosis. In this situation lobe of origin may be useful in estimating the probability of attributing the lung cancer to asbestos. Table 3 provides the distribution of SMRs for lung cancer in 27 cohorts (24 studies) summarised in table 5.18 of the recent review by the Ontario Royal Commission.'3 Ten of the 27 cohorts had SMRs below the critical value for lower and middle lobe cancers so the probability that cancers of any lobar site are attributable to asbestos in the absence of asbestosis is small. An additional nine cohorts had SMRs above the critical value for middle and lower lobe cancers but below the critical value for upper lobe cancers so the probability that cancers in an upper lobe in such cohorts are attributable to asbestos in the absence of asbestosis is also small. Discussion
Since lung cancer is a common disease in the general population and almost entirely due to smoking,'4 the attribution of a particular case to an occupational agent is not easy. Assigning causation of a case to asbestos depends on the presence of asbestosis in countries such as Britain and there is substantial evidence to support this belief.'2 In the United States this idea remains controversial so any other factors that may help in assigning probability that asbestos is causal can be useful.
As a general principle, in any group of people exposed to a putative agent whose risk oflung cancer is more than double that of an unexposed group the probability that a particular case is due to that agent exceeds the probability that it is not. Any factor that improves predictability on stratification of the group by that factor is of value in enhancing the accuracy of attribution. Thus since the relative risk of lung cancer is higher among asbestos workers with asbestosis than those without it,'2 the probability that a given case in such workers is due to asbestos is also higher.
The analysis in this report shows that lobar site of origin is another factor that may help in the estimate of attribution, in addition to such variables as degree and duration of exposure, interval from onset of exposure Lobe oforigin in the attribution oflung cancer to asbestos and type of work. The striking differences in lobar frequencies of lung cancer in the general population compared with asbestos workers makes this marker of some use when the site of origin can be determined. In most occupational settings the finding ofan upper lobe cancer in the absence of asbestosis means that the disease is likely to be due to smoking rather than asbestos since the relative risk must be high to ascribe a cancer in this location to asbestos. The proportions for lobar location in cases with asbestosis used in this analysis, those of Kannerstein and Churg,' were conservative in the sense that they had the highest proportion of upper lobe cancers reported among the four studies which showed a reversal of the lobar pattern of lung cancer in the general population. Consequently, the relative risk required to produce an equal probability that an upper lobe cancer was or was not attributable to asbestos was lower than that required by other published reports568 with the single exception of the paper by Huuskonen.9 In some cases even a middle or lower lobe cancer is ascribable to smoking rather than asbestos if the relative risk is low enough. Since almost all lung cancers in populations exposed to asbestos occur in smokers, smoking is not a significant factor in the attribution to asbestos although the interaction between asbestos and smoking is more than additive in the increased risk caused by asbestos. '5 The importance of relative risk in assessing the probability of attribution is prime. The variability of relative risk in different cohorts, even in the same occupation, underscores the desirability of having cohort specific data with rates stratified by important determinants in making individual estimates of attribution.
The mechanism by which lobar site of origin for a lung cancer is determined remains doubtful. Schlesinger and Lippmann studied particle deposition in the lobar bronchi of hollow casts made of the human tracheobronchial tree '6 and 
